ABSTRACT. Potential avoidance by wild reindeer (Rangifer tarandus tarandus) of high-altitude tourist resorts during winter was investigated in and near Rondane National Park in Norway. Distribution of reindeer was mapped using systematic snowmobile surveys during 1991-96 and compared with results from investigations of snow and vegetation characteristics. Maternal reindeer avoided a 10 km zone around the resort. Cows and calves increased in density from 0.6 ± 0.6 reindeer km -2 at 5-10 km from the resort to 7.6 ± 2.2 reindeer km -2 at 15-25 km from the resort. Bulls and yearlings were more tolerant, constituting nearly 92% of all observed animals 5-10 km from the resort. Nearly all animals avoided the zone within 5 km of the resort. There were no significant differences in distribution of lichen heath, hardness of snow, integrated ram hardness index (IRH) values, or snow depths on ridges with increasing distance from the resort. Available biomass of lichens was ca. 1200 g m -2 0-5 km from the resort and decreased to a low of ca. 250 g m -2 at 15-25 km distance, a pattern that probably reflects overgrazing as a result of avoiding the tourist resort. Such avoidance implies reduced forage intake during winter, substantial reduction in available habitat, and lower productivity of the herd. The results suggest that avoidance by wild animals of sources of anthropogenic disturbance may involve long-term impacts, such as reductions in carrying capacity, that are more serious than those expected from direct physiological stress.
INTRODUCTION
Anthropogenic disturbance of wildlife has traditionally been assessed in relation to direct physical destruction or alteration of habitat (Maki, 1992; Reijnen and Foppen, Harrington and Veitch, 1991; Dervo and Muniz, 1994; Andersen et al., 1996; Weisenberger et al., 1996; Wasser et al., 1997) . In recent years, attention has increasingly been focused on so-called avoidance behavior (Cameron et al., 1979 (Cameron et al., , 1992 (Cameron et al., , 1995 Nellemann, 1997; Nellemann and Cameron, 1998) . Wildlife may travel through zones of development, but greatly reduce their use of areas within or near sources of disturbance, thereby reducing optimal foraging or fledging success or increasing risks of predation (Hockin et al., 1992; Reijnen et al., 1995; Cameron and Ver Hoef, 1996; Rodway et al., 1996; Fox and Madsen, 1997; Lord et al., 1997; Verlinden, 1997) .
Reindeer (Rangifer tarandus tarandus) winter ranges in Norway are increasingly being used for recreational purposes like cross-country skiing. The result is a rapidly growing number of high-altitude cabins and tourist resorts. While such development may be limited in its physical extent, potential avoidance by reindeer may limit the total areas available for foraging, or restrict travel through a landscape fragmented by trails and tourist resorts. Currently very little is known about whether reindeer may reduce their access to important winter foraging areas by avoiding tourist resorts and ski trails. Information on the quality and intensity of use of limited lichen resources near or distant from sources of development is therefore important for evaluating potential long-term effects of disturbance on carrying capacity. In this study, we test the hypothesis that maternal cow-calf groups that are presumably sensitive to disturbance (Nellemann and Cameron, 1998) avoid grazing areas near tourist resorts. We further test the hypothesis that a redistribution of animals away from disturbance sources will affect lichen biomass and composition available for grazing in background areas.
STUDY AREA
The study was conducted in and north of the Rondane National Park in southern Norway during 1991 -96. The area consists of rugged terrain (Nellemann and Fry, 1995) , dominated by alpine vegetation from 1000 to 1500 m a.s.l. and by barren rock or year-round snow at 1500 -2000 m a.s.l. Vegetation consists of some snowbed communities (primarily graminoids of the genera Carex, Agrostis, and Deschampsia, in addition to Salix herbacea), but mainly moist and dry shrub heath (primarily prostrate Salix sp. and Betula nana shrubs, Cladina and Stereocaulon sp. lichen). Exposed ridges are dominated by Cetraria nivalis and gravel. Approximately 1500 wild reindeer have their winter grounds in northern Rondane. Before 1900, the herd migrated northwestward to the Snøhetta region during summer and returned in autumn and winter (Jordhøy et al., 1997) , but this migration ceased after construction of a railroad and highway through the main valley that separates the Snøhetta mountain range from the Rondane range. Annual precipitation of approximately 700 mm, with shallow snow at higher altitudes during most of the winter, results in overall high availability of lichen resources for reindeer during winter.
METHODS
During March 1991 -96, systematic snowmobile surveys of reindeer were conducted in the study area on three contiguous transects, each approximately 7.5 km wide and 25 km long, starting from the southeast (1 km NE from the Høvringen cabin resort) and moving ca. 45˚ to the northwest (Fig. 1) . Minor deviations from these trails were necessary because of terrain, but a complete survey was made each year. All groups of reindeer observed were classified according to number, sex, and age (Jordhøy et al., 1996) , and their locations were marked using GPS or on 1:50 000 topographical maps of the study area. Strip transects were subdivided into 2.5 km (6.25 km 2 ) segments, thus obtaining a total of 60 6.25 km 2 quadrats. Twelve quadrats were excluded (lakes and terrain > 30˚), giving the final data set of 48 quadrats.
During March 1996, 27 sites, each 20 × 50 m, were randomly selected within lichen heath communities. Centre points from each site were selected randomly from a 100 × 100 m grid covering the entire study area (Nellemann, 1996) . Lichen heaths constitute the vegetation type that area reindeer use almost exclusively in winter (Nellemann, 1996) . A 1:50 000 scale vegetation map was used to identify general distribution of lichen heaths (Larsson and Rekdal, 1991) . Vegetation type was further confirmed in the field by identification of vegetation in snow craters within each site. At each site, five random plots, each 1 × 1 m, were randomly selected and marked. Snow depth and hardness were recorded at each plot using a Ramsonde penetrometer. Ram hardness (Hr) was calculated using the following equation:
where Ph is the mass of the load (g), hhd is the height of the hammer drop (cm), nhd is the number of hammer drops, d is the penetration into the snow cover (cm), and Q is the total mass of the Ramsonde. An integrated ram hardness index (IRH) was calculated to derive a better index of forage availability (Tucker et al., 1991; Nellemann, 1996 Nellemann, , 1998 :
In July 1997, we revisited all sites to perform vegetation analyses. Vegetation cover of the dominant graminoids, shrubs, and lichen species was recorded by counting the number of 10 × 10 cm cells with > 50% cover out of 100 possible cells on a 1 × 1 m square vegetation frame (Wratten and Fry, 1980; Nellemann and Thomsen, 1994) . Thirty-five random plots were clipped, dried, and weighed to establish lichen cover-biomass relationships.
Statistical analysis was performed in Sigmastat (Kuo et al., 1992) . Data were subjected to a Kolmogorov-Smirnov test of normality. Densities of reindeer for different distance zones from the tourist resort (0.0 -4.9 km, 5.0 -9.9 km, 10.0 -14.9 km, and > 15.0 km) were compared using Kruskal-Wallis tests and multiple pairwise comparisons with Dunn's tests. Use versus availability of distance zones (< 10 km and > 10 km from the resort, respectively) was assessed using chi-square tests. If those results were significant, the Bonferroni z-statistic was applied to test for differences among classes (Neu et al., 1974) . In all cases, p-values < 0.05 were considered statistically significant.
RESULTS
Density of reindeer in winter within the study area varied from year to year in 1991 -96 (Table 1) , possibly in response to variation in weather conditions and abundance of cross-country skiers. Total number of reindeer varied from 990 in 1991 to 1609 in 1992, with an average density of 3.9 ± 0.3 reindeer km -2 . Each year from 1991 to 1996, the reindeer were distributed into an average 5 ± 1 groups. Mean group size was 225 ± 43 reindeer. Density of reindeer generally increased with increasing distance from the tourist resort (Fig. 2) . No groups of animals were observed within 5 km of surface structures at the tourist resort. Density of females and calves was 0.6 ± 0.6 reindeer km -2 at 5 -10 km from the resort, increasing by a factor of 12 to 7.6 ± 2.2 reindeer km -2 at 15 -25 km from the resort. From 1991 to 1996, reindeer used the area 0-10 km from the resort less than expected from its availability in every year except 1994, when a large bull-dominated group was observed 7 km from the resort (Table 2) .
Bulls and yearlings, which are generally more tolerant of disturbance (Nellemann and Cameron, 1998) , comprised nearly 92% (mean 1991 -96) of all animals 5 -10 km from structures. Ca. 94% (mean 1991 -96) of all females and calves avoided areas within 10 km of the tourist resort; this corresponded to nearly 95% of all maternal groups observed in the period. Only a single maternal group was observed (in 1994) within the 5 -10 km zone. Among the three distance zones, there were no significant differences in snow depth, Ram-hardness, or integrated Ram hardness (IRH) within lichen heaths (Fig. 3a-c ). There were no noticeable differences among the distance categories with regard to distribution of lichen heaths (ca. 54% at 0 -5 km, 43% at 5 -10 km, and 46% at > 10 km distance). Overall, there was little difference in availability of lichen heath communities corresponding to distance from the resort.
Cover of lichens decreased with increasing distance from the resort (Table 3) . Cover was significantly higher on the snow-covered lee side of ridges compared to the ridges among all distance categories. Cladina alpestris, Cetraria nivalis, and Alectoria ochroleucha were the most abundant lichens on ridges, and all declined in cover with distance from the resort. C. alpestris, which made up most of the lichen cover on lee slopes, also declined in cover with distance from the resort. There were generally fewer changes in lichen cover on the lee side of ridges as distance from the resort increased, reflecting generally deeper and more packed snow. The cover estimates reflected biomass well; at any cover estimate, however, biomass tended to be near 100% greater in the low-use areas 0 -5 km from the tourist resort than in intensively used background areas > 10 km away (Fig. 4) . Available lichen biomass on ridges (from cover in Table 3 and regressions from Fig. 4) decreased from a cover of ca. 85% at 0 -5 km from the resort to ca. 40% at 15 -25 km from the resort. This decrease corresponds to a decline in biomass from ca. 1200 g m -2 at 0 -5 km to ca. 250 g m -2 at 15 -25 km distance (Fig. 5 ).
DISCUSSION
Distribution of reindeer during winter 1991 -96 shows that, within a seemingly uniform landscape, reindeer avoided areas within 0 -5 km from the tourist resort and generally reduced use of areas 5 -15 km from the resort. Similar avoidance in relation to tourist resorts has been observed for semidomestic reindeer during winter (Helle and Särkelä, 1993) and spring (Vistnes, 1999) .
Maternal groups were the most sensitive to disturbance, locating themselves primarily 15 -25 km from the resort, the farthest distance possible in this mountain area. Conversely, bulls and yearlings predominated in the zone 5 -10 km from the resort, reflecting their greater tolerance of disturbance (Nellemann and Cameron, 1998) . However, even for males, the zone 0-5 km from the resort remained unused. Maternal groups were observed occasionally 5 -10 km from the resorts during snowstorms or during early winter, when tourists were generally absent. Avoidance of the 0 -5 km zone by both males and females probably reflects an approximate critical tolerance distance to larger concentrations of cabins independent of human activity. Similar sex-dependent sensitivity to disturbance has also been noted in studies of calving caribou relative to oil development, roads, and pipelines in Alaska (Nellemann and Cameron, 1996, 1998) . High sensitivity of maternal groups to anthropogenic disturbance during calving may be attributable to an adaptation by maternal females to avoid predation on calves (Bergerud and Page, 1987; Helle et al., 1990; Fancy and Whitten, 1991) . However, the avoidance by both sexes here also suggests that hunting by humans, the primary mortality factor for Norwegian reindeer, may have induced increased sensitivity to human activity at a broader scale.
Avoidance of technical structures by reindeer/caribou is generally very high during calving, even when human traffic is low or absent (Cameron et al., 1995; Cameron and Ver Hoef, 1996; Nellemann and Cameron, 1996, 1998; Vistnes, 1999) . Our results, like those of Helle and Särkelä (1993) , show that avoidance also may be substantial during winter. Avoidance by reindeer/caribou in the range of 4 -10 km has been recorded in relation to roads, pipelines, cabin resorts, and power transmission lines during spring and winter (Helle and Särkelä, 1993; Cameron et al., 1995; Cameron and Ver Hoef, 1996; Nellemann and Cameron, 1996, 1998; Vistnes, 1999 ; this study). Avoidance behaviour is also known from other continents and species, e.g., wildlife in Africa (Verlinden, 1997) . However, during warm summer days with heavy insect harassment, caribou can travel through zones with elevated roads, pads, or pipelines to move to insect relief habitat, or to select elevated, more windy sites in an otherwise flat landscape (Pollard et al., 1996) . Notably, even during summer, caribou tend to avoid areas with surface development when insect harassment is low and foraging is possible. Indeed, Pollard et al. (1996) found that the number of caribou within the Prudhoe Bay Oilfield during July and August 1990-93 was, on average, 91% lower on days with low insect abundance than on days with high insect abundance (mean 510 ± 187 vs. 5738 ± 1437, respectively, 1990 -93, p <0.01, Mann-Whitney test; data from Table 1 in Pollard et al., 1996) . These results clearly support the consensus that maternal caribou and reindeer avoid technical structures or humans under most conditions, except when foraging is restricted during periods of heavy insect harassment (Nellemann, 1997) .
The twelvefold higher density of female reindeer more than 10 km from the resort most probably resulted from redistribution of reindeer from the area 0 -10 km distant from the tourist resort to undisturbed areas beyond 10 km (Cameron and Ver Hoef, 1996; Nellemann and Cameron, 1996; Verlinden, 1997) . This possible shift in distribution and range use resulted in substantial underuse of areas near tourist resorts, combined with a potential overuse of limited foraging areas beyond (Nellemann and Cameron, 1996, 1998) . As available forage tends to have a scattered distribution during winter, primarily associated with rugged terrain and windblown ridges, density of reindeer easily becomes crucial to carrying capacity (Miller et al., 1975; Reimers, 1977 Reimers, , 1982 Reimers, , 1983 Helle and Säntti, 1982; Skogland, 1983 Skogland, , 1985 Skogland, , 1986 Roby and Thing, 1985; Nellemann, 1996) . Hence, substantial underuse of nearly 50% of the study area and resultant overuse of a limited forage resource is a situation comparable to a 100% increase in reindeer density in a nondisturbed area. This is a dramatic management perspective in Norway, where density of reindeer is regulated by hunting primarily in relation to condition of winter ranges. Possible effects are thus overgrazing of limited lichen resources with slow regeneration rates (Scotter, 1966; Gaare and Skogland, 1975; Thompson and McCourt, 1980; Helle, 1984; Thomas and Herviux, 1986; Nieminen and Heiskari, 1989) .
Indeed, our vegetation data indicate that overgrazing may be occurring as a result of redistribution of reindeer away from the tourist resort. Biomass of available lichens per unit area on windblown ridges was five-to sixfold lower in the high-use area more than 10 km from the resort. Differences were substantially smaller on the lee side, although some differences also were observed, primarily as a result of grazing in early winter, when the slopes of ridges are more heavily used (Pruitt, 1966; Skogland, 1978; Duquette, 1988; Collins and Smith, 1991; Nellemann, 1996) . The ridges themselves, however, characterized by low biomass and shallow snow (Nellemann, 1996) , are easily overgrazed in mid-and late winter. Lower biomass, lack of difference in snow depths on exposed ridges, and little difference in distribution of lichen heaths preclude the conclusion that the apparent avoidance could be an artifact of better foraging conditions in areas beyond 10 km from the disturbance. In fact, the opposite is the case with regard to available biomass.
Increasing overgrazing of limited forage resources may result in reduced energy intake for the individual reindeer (White et al., 1975; White, 1983; Nellemann and Cameron, 1996) . Lichen are so low in protein, typically < 5%, that intake by reindeer is related primarily to securing a sufficient carbohydrate intake. Reindeer are physiologically well adapted to a low-protein diet through recycling of nitrogen by renal excretion of urea (McEwan and Whitehead, 1970; Hove and Jacobsen, 1975; Hyvärinen et al., 1977; Staaland et al., 1983 Staaland et al., , 1986 . Lichens are important for a sufficient carbohydrate intake during winter, when energy requirements are high. As high lichen intake ratios may increase fecal and body loss of nitrogen (McEwan and Whitehead, 1970; Hove and Jacobsen, 1975) , reindeer strategically select for the most easily accessible, though scarce, forage on windblown ridges. Hence, easy access to sufficient quantities of lichen (typically 1 -2 kg dry matter daily for adults; Holleman et al., 1979 ) on exposed ridges is important for sustaining direct daily energy requirements. Overgrazing of ridges, particularly in extreme weather FIG. 4 . Cover-biomass relationships for lichens on ridges available for foraging at three distance zones from a high-altitude tourist resort, Rondane, Norway 1996. TABLE 3. Cover (%) for major reindeer forage species on slopes and ridges within lichen heath communities at three distance categories (0.0 -4.9 km; 5.0 -9.9 km; and > 10 km, respectively) to a tourist resort in northern Rondane mountain range, 1996.
Distance to tourist resort in km Species cover (%) 0.0 -4.9 (ridge) 5.0 -9.9 (ridge) > 10.0 (ridge) 0.0 -4.9 (slope) 5.0 -9.9 (slope) > 10.0 (slope)
Total lichen 86 ± 2a 1 65 ± 4b 43 ± 5c 88 ± 3b 72 ± 3b 64 ± 8b Cetraria nivalis 41 ± 3a 40 ± 1a 27 ± 4b 03 ± 1a 04 ± 1a 02 ± 1a C. islandica 0a 0a 0a 07 ± 1a 14 ± 4a 19 ± 3b Cladina rangiferina 0a 0a 0a 01 ± 1a 01 ± 1a 01 ± 1a C. mitis 0a 0a 0a 01 ± 1a 01 ± 1a 02 ± 1a C. alpestris 39 ± 5a 01 ± 1b 02 ± 1b 80 ± 4a 51 ± 7b 35 ± 7c Alectoria ochroleucha 21 ± 3a 27 ± 5a 10 ± 2b 01 ± 1a 01 ± 1a 01 ± 1a
Total graminoids 0a 01 ± 1a 01 ± 1a 03 ± 1a 9 ± 4ab 10 ± 2b Juncus trifidus 0a 01 ± 1a 0a 01 ± 1a 03 ± 1a 04 ± 3a Betula nana 04 ± 1a 13 ± 3b 0a 07 ± 2a 14 ± 5a 03 ± 1a
conditions (Reimers, 1982) , has several consequences. It will force reindeer to increase cratering activity (Pruitt, 1966; Bergerud, 1974; LaPerriere and Lent, 1977; Skogland, 1978) . It also increases energy expenditure (Thing, 1977; Telfer and Kelsall, 1979; Fancy and White, 1985, 1987) , thus reducing body fat and mineral and protein reserves.
Reduced body condition as a result of increased local competition and overgrazing may affect reproductive success (White, 1983) . Fat and body reserves are particularly important to pregnant females for the oncoming lactation period in spring (Tyler and Blix, 1990) , when metabolic demands are high (Oftedal, 1985; Chan-McLeod et al., 1994) . Substantial reductions in energy intake may also affect growth of the foetus and increase the risk of abortion (Russell et al., 1996) . Birth weight and maternal body weight are crucial for growth in summer, lactation, and fecundity in autumn (Dauphiné, 1976 , Reimers, 1983 White, 1983; Cameron et al., 1993; Gerhart et al., 1997) . In addition to a high intensity of hikers in summer, the Rondane mountain ranges are characterized by dry and poor summer ranges, with few meadows or bogs and little snowbed vegetation for grazing. Opportunities for compensatory growth during summer are therefore poor, while migration to alternative summer ranges is restricted by a network of roads and settlements that have fragmented the original migration routes to the west.
Reindeer in Rondane are therefore currently exposed to increasing grazing pressure during winter, poor opportunities for compensatory growth during summer, and increased levels of anthropogenic disturbance throughout all seasons. The combined effect of these factors may explain why calf production has been recorded at a low average of approximately 50 calves/100 adult females in the last 10 years (Jordhøy, unpublished) , compared to ca. 90 calves/ 100 adult females in more favourable ranges. The conclusion remains that the effects of tourist resorts and associated activities clearly exceed the physical footprint of these installations. The cumulative impact of all-season tourism, combined with fragmentation by roads and power lines, may be a serious reduction in the reproductive success of Norwegian reindeer herds and depletion of current winter ranges.
